Introduction
Specifically, in the laser-plasma-interaction, the generic process of the self-focusing of the laser beams (Chiao et al. (1964) ; Gill & Saini (2007) ; Gill et al. (2010a) ; Kaur et al. (2010 Kaur et al. ( , 2011 Kelley (1965) ; Mahajan et al. (2010); Milchberg et al. (1995) ; Saini & Gill (2006) ; Sodha et al. (1974 Sodha et al. ( , 1976 ) has been focus of attention as it affects many other nonlinear processes. It plays crucial role in beam propagation and arises due to increase of the on-axis index of refraction relative to edge of the laser beam. Most of the research work on self-focusing of the laser beam has been confined to the cylindrically symmetric Gaussian beams symmetry (Akhmanov et al. (1968) ; Esarey et al. (1997); Hora (1975) ; Kumar et al. et al. (1990) ) and hollow elliptical Gaussian beam (Cai & Lin (2004) ). These 2009a,b) have presented a modified paraxial like approach to study self-focusing of a hollow Gaussian beam in plasma. In the present investigation, author has studied evolution of DHGB in a plasma when relativistic and ponderomotive nonlinearities are considered.
RELATIVISTIC AND PONDEROMOTIVE EFFECTS ON EVOLUTION OF DARK HOLLOW GAUSSIAN ELECTROMAGNETIC BEAMS IN
The present model is set up in a weakly relativistic regime in underdense plasma starting from Ampere's and Faraday's laws. These equations under approximate conditions leads to an evolution equation. Lagrangian for the problem is set up, and variational approach is used. Further, the self-trapped mode is also studied.
Basic formulation

The present model is set up in a weakly relativistic regime in underdense plasma.
Starting from Ampere's and Faraday's laws and in the absence of the external charge and current, we have the following set of equations:
where E and B are the electric and magnetic field vectors respectively. D = ǫ E is the displacement vector. Also, the induced current density due to laserplasma-interaction exists in the dielectric permittivity, ǫ.
Combining the above two equations gives:
Assuming wave propagation in z-direction and the electric and magnetic fields in the xy-plane, Eq. (4.3) is reduced to:
Further the relativistic ponderomotive (RP) force on electrons modifies the electron density. The RP force on electrons is given by:
where m e0 is the electron mass in the absence of the external field and γ is called the relativistic factor defined as follows:
Following Niknam et al. (2009) , the dielectric permittivity for the cold plasma is: 
where n e0 is the maximum electron density at the place in which the laser electric field is zero. We obtain the following evolution equation governing the electric field envelope in collisionless plasmas as follows:
Eq. (4.11) is a nonlinear parabolic partial differential equation in which first term has its origin in diffractional divergence, in third term within parenthesis, "1" is the free space propagation term, and rest corresponds to relativistic and ponderomotive self-focusing terms. Since relativistic and ponderomotive channeling occur together, we investigate their combined effects on the evolution of intense laser beam in a plasma. Variational approach which have rigorous basis, as applied in other fields, is used here to investigate nonlinear wave propagation.
We use procedure of Anderson & Bonnedal (1979) to reformulate Eq. (4.11) into a variational problem corresponding to a Lagrangian L, so as to make
Thus Lagrangian L corresponding to Eq. (4.11) is given by:
Thus, the solution to the variational problem δ Ldxdydz = 0 (4.13)
also solves the nonlinear Schrödinger Eq. (4.11). Using the trial function as
Gaussian beam of the form as follows:
where a(z) is the beam width, b(z) is the spatial chirp and φ(z) is the phase of the laser beam. Using the ansatz, with expression for ψ as trial function, we can perform the integration to write:
where
where c ′ = 0.57721 is Euler's constant. Using the procedure of (Anderson & Bonnedal (1979) ; Saini & Gill (2006)), we arrive at the following equation for a:
2 ) (4.18)
RELATIVISTIC AND PONDEROMOTIVE EFFECTS ON EVOLUTION OF DARK HOLLOW GAUSSIAN ELECTROMAGNETIC BEAMS IN A PLASMA
After normalization using η = cz ωa 2 0 , we arrive at the following equations for a n , φ:
5408ω 2 (4.20)
Self-trapped mode
For an initially plane wave front, da dz = 0 and a = 1 at z = 0, the condition The critical condition leads to general expression for determination of critical threshold for various orders of n. The expression when simplified is given as
Discussion
follow:
2 ) (4.21)
, is the initial dimensionless beam width parameter.
The nature of self-focusing is further highlighted through the critical curves.
DHGB undergoes self-focusing when the condition d 2 a dz 2 < 0 is satisfied whereas for d 2 a dz 2 > 0, HGB displays either oscillatory or steady state self-focusing. beam width parameter, a n < 1 corresponds to self-focusing and a n > 1 is the result of diffractional dominance over all other terms leading to defocusing of laser beam. However, as mentioned in introduction, long distance of several Rayleigh lengths (R d ) are prerequisite for novel applications of laser produced plasma. In Further, it is observed that defocusing of the laser beam occurs for all n values but decreases with increase in n. However, situation changes drastically when the combined effects of both relativistic and ponderomotive nonlinearities alongwith free space propagation term are taken into account. It is observed from Figure   4 .2 that oscillatory self-focusing takes place for all higher orders of n. It is also important to notice that beam propagates oscillatory and infinitely over several number of Rayleigh lengths.
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Inspite of higher order, defocusing is not observed for all powers. It is in contrast to the results of Sodha et al. (2009b) where defocusing is observed with increase in n. This is apparently a consequence of variational approach where in averaging process the contribution of whole wave front is considered. On the other hand, PRA takes into account only rays which are very close to the beam-axis.
Another aspect of this phenomenon observed here is that oscillatory character becomes slow with increase in the value of n. We have numerically analysed the which is a complicated function of n, normalized beam width a n and intensity parameter, α 2 | ψ 0 | 2 besides other parameters, determines the nature of phase.
It is observed from Figure 4 .3, the phase is negative for lower values of n (= 0,1), but becomes positive with further increase in n. However, for lowest order of n, observed phase is negative and does not show oscillatory character. This is due to the fact that R.H.S. of Eq. 
